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Abstract
COVID-19 caught the world by surprise in the fall of 2019. By spring of 2020, most (if not all)
schools were in a virtual setting. It was a major and quick (almost overnight) change with little to
no plan of action. This paper aims to analyze the impact of the COIVD-19 virus on students'
performance of their mathematics state test. Students’ pre-COVID (spring of 2019) mathematics
state test scores were compared to their post-COVID (spring of 2021) mathematics state test
scores. When analyzing potential predictors, gender wasn’t found to play a significant role in
students’ test scores, but socioeconomic status did. Unsurprisingly, COVID-19 negatively
impacted students’ mathematics state test scores.
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Definitions of key terms, concepts, and variables
● Core Classes - The basic classes that build a foundation for your education, they are
mandatory classes for all students alike. They typically consist of math, reading/writing,
science, and social studies.
● Performance Level - According to the Ohio Department of Education, the performance
level index measures what a student would need to know and do in correspondence with
the Ohio Academic Content Standards. It is broken down into 5 levels (Limited (1), Basic
(2), Proficient (3), Accelerated (4), and Advanced (5)). Their chart describing the
characteristics of each is below. Below is the state of Ohio’s scale score ranges and
explanation of skills in each level that can be found on the Ohio Department of Education
website.

Performance Level

Performance Level Index

Raw Score

Limited

1

604-677

Basic

2

678-699

Proficient

3

700-724

Accelerated

4

725-755

Advanced

5

756-810

1

M.S. Proposal by
Sierra Grooms

● SES (Socioeconomic Status) - the social class of a person or group typically measured by
income and economic access to resources.
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TITLE:
Assessing The Impact of COVID-19 on Students Mathematical State Test Scores at a Southern
Ohio School

CHAPTER ONE: INTRODUCTION
It’s no surprise that the COVID-19 pandemic brought with it change. Change to our way of
life, our normalcy. With that change, came major impacts on education. In the spring of 2020, the
education system was hit hard by the impacts of the pandemic. Schools started closing worldwide,
causing districts to tread into the unknown territory of online learning for the delivery of their
instruction. COVID-19 disrupted the education of approximately 55 million K-12 students across
the United States alone (Bacher-Hicks, Goodman, and Mulhern 2021). With the new change,
comes new problems.
Not only were students’ education disrupted, but life in general also became dismantled.
Many families experienced job loss (or reduced pay from unemployment benefits), illness (or even
death), isolation from the outside world, and so much more. And, although these impacts are not
directly related to school, they add stress to the home environment, which plays a critical role in a
child’s welfare. For most students, the impact of COVID-19 in terms of academic and
non-academic outcomes has been negative (Betebenner & Wenning, 2021). Data on the
psychological impact of school closures during the influenza outbreak on children showed that
children that were quarantined revealed post-traumatic stress scores four times higher than those
that were not (Sprang & Silman, 2013, as stated in Almedia, Challa, Ribeiro, Harrison, & Castro,
2021). So, how severe was this change on students’ academic performance? Were those from low
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SES (socioeconomic status) more severely impacted than their peers? That is what we are trying to
determine.
1.1 Background of the Problem
There is no denying that education plays an important role in child development and if
students are absent from school, they are missing out on crucial developmental factors (learning,
social interaction, etc). There are studies to back this claim. For example, Gottfried (2019) found
that chronically absent students have a lower achievement outcome than their peers, and Roby
(2004) found that there was a statistically significant (moderate to strong) relationship between
student attendance and achievement. But, with the COVID-19 pandemic being relatively new and
the first testing year following COVID-19 having just happened, there isn’t much data available to
look at and compare.

1.2 The Uniqueness of the Study
The COVID-19 pandemic is unlike any other previous pandemic and, although
comparable, unlike missing a large number of school days. Unlike previous pandemics such as the
H1N1 outbreak of 2009 or missing school rather by choice or by force due to uncontrollable
circumstances, “students shifted—almost overnight—to remote education in March 2020”
(Department of Education, 2021). There were district and state-wide restrictions put into place to

close schools down for several months in hopes of slowing the spread of the virus (Grewenig,
Lergetporer, Werner, Woessmann, and Zierow 2021). And, although many schools went with an
online remote learning option, it was a learning experience for students, parents, and teachers
alike, so the process was most certainly flawed. Many students in rural districts didn’t have access
to the internet to complete their work or attend virtual class meetings. According to the
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Department of Education (2021), the county of the district being studied here had approximately
60%-69.9% of students with internet connectivity; indicating 30%-40% of students did not have
access. Many were forced into becoming caretakers for younger siblings, thus not having the time
to attend the meetings or do the work. Many watched their family members and or close family
friends become ill or even die from the virus, putting their emotional health in turmoil. Many
parents lost their jobs or were laid off forcing them to take a reduction in pay from unemployment
benefits. On top of all of these things, the entire world was essentially shut down. States issued
stay-at-home orders, shutting down all non-essential businesses, gatherings, and travel (Pereira and
Mitropoulos, 2021). The general public wasn’t supposed to leave their house unless it was a
necessity, such as grocery shopping and even then you were required to follow mandates like
wearing a mask.
So, while one can look at past studies on the effects of long periods of absenteeism from
school or the effect of a pandemic on academic performance, this study is unique in and of itself.
This study is specific in looking at the change in academic performance pre and post-COVID to
get some sort of understanding of the impacts of the pandemic on the students’ achievement.

1.3 The research problem
The problem being addressed in this study is the impact of Covid 19 on academic
performance. If students are behind, educators and parents alike need to know so that a pathway
toward success can be paved. Without the knowledge of the effects of COVID-19, there is no plan
and therefore there is no help for students that might very well need it.

1.4 The purpose of the study
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Both, educational performance and attainment are linked to the many aspects of one’s
family origin (Buchman, Diprete, & McDaniel 2008). Research continually links lower
socioeconomic status to slower rates of academic progress and lower academic achievement as
compared with peers of higher socioeconomic status, and this is on a “normal” year. For example,
McLaughlin & Sheridan (2016) found that exposure to adversity and low SES is linked to
decreased educational success, and Reardon, Valentino, Kalogrides, Shores, & Greenberg (2013)
found that children from low-SES families enter high school with average literacy skills five years
behind those of high-income students. Those of low socioeconomic status have a limited number
of resources, to begin with. Parents of children in low socioeconomic status homes typically do not
have rainy day savings or the option to stay home with their children during a pandemic. If they
were in a low social class, to begin with, taking a pay cut or job loss could potentially do them in.
Thus, it is fair to say that the children from low SES homes were likely impacted more than their
peers; not only was their world flipped upside down like the rest of the globe, they were essentially
thrown to the wolves and forced to survive. Research already shows that during a normal year,
these students are behind their peers, imagine what a pandemic would do to their academic
progress and achievement.
According to research, children from low SES homes develop academically slower than
their peers (Morgan, Farkas, Hillemeier, & Maczuga, 2009). Additionally, with school and daycare
closures alike, many older children were required to become their younger siblings' caretakers or
neighborhood babysitters. They had to take on roles that prohibited them from even attending the
virtual classroom meets, thus experiencing not only a loss in educational time but none at all. “In
general, students that start behind tend to stay behind, and students that start ahead tend to stay
ahead” (Betebenner & Wenning, 2021). The purpose of this study is to examine the relationship
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between pre-COVID and post-COVID mathematics state test scores for students at a rural school
in southeastern Ohio and determine if the pandemic had a more detrimental effect on those from
lower SES than their peers of higher SES, as one might expect.

1.5 Significance of the Study
As the COVID-19 pandemic continues and schools are slowly returning to normalcy, there
is little to no data to determine how much, if any, academic attainment was lost. The purpose of
this study is to determine if there was a decrease in students' academic performance so that a
potential plan can be implemented across the district to address the changes brought about by the
pandemic. More specifically, we not only need to answer what? (was there a decrease in students’
academic performance), but also who? (who was more adversely affected by the pandemic); Was it
those of lower socioeconomic status? Or was there a steady decline across the board? Once these
questions are answered, teachers and administrators can begin making and implementing a
recovery plan. The recovery path might look different for each student. But, through data and
student progress monitoring, teachers can adjust their instruction to make sure the already existing
achievement gaps don’t widen (Tirado, 2021).

1.6 Primary Research Questions
Research Question 1: Is there a significant mean mathematics difference between pre-COVID
(7th and 8th grade) state performance test scores and post-COVID state test scores?
Ho: A mean mathematics difference does not exist between students’ pre-COVID and
post-COVID state performance test scores.
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H1: A mean mathematics difference does exist between students’ pre-COVID and post-COVID
state performance test scores.

Research Question 2: Are pre-COVID state performance test scores, gender, and socioeconomic
status significant predictors of post-COVID state performance test scores?
Ho: Socioeconomic status and pre-COVID state performance test scores are significant predictors
of post-COVID state performance test scores for math, but gender is not.
H1: Gender is a significant predictor of state performance test scores for math, but socioeconomic
status and pre-COVID state performance test scores are not.

1.7 Research Design
The participants of this study attend a rural high school in southeastern Ohio, ranging in
ages 12-14 for the 2018 academic year and 14-16 for the 2020 academic year (same groups of
students, they just got older). Three groups are being observed: (1) students were in 7th grade
during the 2018-2019 academic school year and Algebra I during the 2020-2021 school year, (2)
students were in 7th grade during the 2018-2019 school year, and Geometry the 2020-2021 school
year; these students tested out of 8th-grade math allowing them to advance ahead of their peers,
and (3) students were in 8th grade during the 2018-2019 school year and Geometry during the
2020-2021 school year. Each student's pre-COVID mathematics state test score (2018-2019
academic year), their post-COVID mathematics state test score (2020-2021) academic year, and
their free and reduced lunch status were put into an excel spreadsheet by the administration of the
school they attend for the purpose of this study.
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1.8 Theoretical Framework
Since the COVID-19 pandemic forced students to decrease the number of hours spent
focusing on school and forced them out of attending school in person at all, it’s safe to say one can
examine the effects of being out of school for large periods to estimate the impact of the pandemic
on student achievement. One similar factor is summer learning loss as students were out of the
school setting for a long period of time.
Before students return to school post-COIVID, there were predictive studies completed to
look at the possible effects of the COVID-19 pandemic on students’ academic performance and
achievement. In these studies, it was predicted that students would return to school with only a
percentage of learning gains compared to a normal school year. From the multiple studies
conducted analyzing the effects of seasonal learning, there are three consistencies found
throughout 1) achievement slows or declines over the summer months, 2) declines to tend to affect
math more than reading, and 3) the amount of loss tends to increase as the grade level increases
(Kuhfeld & Tarasawa, 2020). Regardless, achievement either slowed or declined.

1.9 Assumption, Limitations, and Scope
Since there is research backing the preconceived notion that students of lower
socioeconomic backgrounds tend to fall further behind than their peers, it is easily assumed that
those same students would have been impacted greater.
Although this study examines the effects of COVID-19 on the mathematics state test
performance levels, other factors often contribute to students’ scores which one has no control
over. Rivkin, Hanushek, and Kain (2005) found that school quality was a significant determinant
of academic performance. Some factors to consider include the quality of the school and teacher,
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the students’ effort put forth in learning, and the students’ effort put forth on the testing day. For
example, certain students could have had poor instruction one year contributing to their low test
scores but a high-quality teacher for the other year, aiding in the higher test scores. Or, students
may have cared about their grades pre-COVID but had too much on their plate to worry about
them post-COVID, or vice versa. There are hundreds of factors that play a role in student academic
achievement and it is not feasible to test them all.
Although this study is taking place at one school district, viewing 3 groups of students, the
results are very much applicable to many schools across the country. Over 90% of school children,
worldwide, were affected by the COVID-19 school closures (UNESCO, 2020, as cited in
Grewenig et al 2021). The 2020-2021 school year did look different for many districts. Some
districts, like the one being evaluated in this study, went back to school 5 days a week like a
normal school year and just required students to wear masks while attending. Some stayed with
virtual learning, and others did half virtual and half in-person to either a) have cleaning days
between in-person sessions or b) separate students into groups, with each group attending certain
days of the week. To be specific, this study would apply to other rural districts that went
completely virtual in March of 2020 and returned to complete the 2020-2021 school year as per
unusual, attending school 5 days a week.

1.10 Summary
Chapter 1 introduced the problem statement to be investigated and provided the purpose for
the study being conducted. Chapter 2 will review the literature relevant to the topic and present any
gaps and inconsistencies in the research. Chapter 3 will introduce the methodology used in the
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study. Next, chapter 4 will review the statistical analysis and results concluded from the study
before wrapping up in chapter 5 with the conclusion and summarization of the study.
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CHAPTER TWO: LITERATURE REVIEW
“COVID-19 can be severe, and has caused millions of deaths around the world as well as
lasting health problems in some who have survived the illness” (What is Coronavirus?, 2021).
With the impacts of COVID-19 being so severe, in March 2019 schools and buildings were forced
to shut down to help minimize the risk of exposure, with nearly all schools closing between March
16 and 23 (Bacher-Hicks, Goodman, & Mulhern 2021). It was surprising and sudden. One day
students are learning in the classroom and the next they’re being told they can’t enter the school
building. It was a big change that students and teachers alike had to learn to roll with. To
compensate for the lost time in the classroom, for the remainder of the 2019-2020 school year
schools chose an online learning option for students with hopes that they could return to normalcy
the following year. That didn’t happen. With the presence and threat of COVID still lingering,
districts had to choose from a variety of options on how to reopen. Some stayed virtual, some went
back to full-time 5 days a week with mask mandates in place and extra cleaning personnel hired,
some did half virtual and half in-person to either a) have cleaning days between in-person sessions
or b) separate students into groups, with each group attending certain days of the week. No matter
the choice, school still wasn’t quite what students had been used to in their previous years.
Undoubtedly, this had lasting effects on all. The magnitude of those effects is yet to be known.
Thus, let’s review the literature up to the point of the pandemic regarding school closures and
inequalities.

2.1 Summer Learning Loss
While the effects of COVID-19 is a relatively new topic, research on seasonal learning can
give us some insights to help us understand the impacts of learning patterns when school is in
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versus out of session. Throughout multiple research studies on seasonal learning, while not all
come to the same conclusion, there have been three consistent trends, 1) achievement slows or
declines over the summer months, 2) declines tend to affect math more than reading, and 3) the
amount of loss tends to increase as the grade level increases (Kuhfeld & Tarasawa, 2020).
Atteberry and McEachin (2020), conducted a study to determine the role of summer in
achievement disparities across students as they grow from grades 1 to 8. Their study looked at
32,000 schools in 7,685 school districts across all 50 states using data from NWEA’s (Northwest
Evaluation Association) MAP assessment. Their findings represented a zig-zag pattern, with a
positive slope during the school year and a negative slope for each summer, indicating that, on
average, students accumulate knowledge during the school year, but then lose a portion of it during
the summer. That portion, to be exact, they found was a loss of 25 to 34% of their school year gain
during the following summer. That is a quarter of what they have learned or an entire 9 weeks
since the school year is broken into four nine-week parts. Additionally, they found that the relative
variability in learning gains grows (0.41 to 1.3 in ELA and 0.40 to 0.91 in Math) as students
progress through their school years, suggesting that inequalities amongst students accumulate
(more so in ELA than Math) - those that already behind tend to fall further and further behind with
each passing school year. The researchers concluded that slightly more than half of students exhibit
summer learning loss and that “even in an ideal world where school inequities could be eliminated,
achievement disparities would arise simply because of the summer break” (Attenberry &
McEachin, 2020).
Cooper (1996) conducted a meta-analytic review of 39 studies examining the effects of
summer vacation on standardized tests achievement scores. The meta-analysis indicated that, on
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average, students’ test scores were at least one month lower upon returning to school in the fall
than when they had left in spring.
Alexander, Entwisle, & Olson (2004) analyzed data from the California Achievement Test
in the Beginning School Study (BSS). The BSS, which began in the fall of 1982, contained a
random sample of 790 first-grade students from 20 of Baltimore’s public schools. But, only 368 of
the original were tested all 10 times. The data spans 5 years (1982-1987) with testing conducted
during the fall and spring of each year. Of the original 790 students in the study, two-thirds
received free and reduced lunch (low SES indicator). Alexander et al (2004) found that while
students from low SES backgrounds start behind (approximately 0.7 standard deviations)
compared to their peers of higher SES, during the school year they stay caught up with those same
peers only to fall behind again during the summer months, resulting in a larger gap between the
two groups (more than 0.9 standard deviations) after the five years. Additionally, those students of
low SES start the beginning of their school years at approximately the same educational level
where they left off, or behind, while their peers of higher SES improve over those summer months.
While the above articles suggested that summer learning loss is real and has negative
effects on students, von Hippel (2019) suggests that it isn’t that clear-cut. According to von Hippel,
many studies suggesting summer learning loss is real do not use fair scoring methods and /or test
questions. Such studies talked about included the Beginning School Study (talked about above)
indicating achievement gaps grew along with the children (inequality expands with age). The study
used the California Achievement Test, which was a ‘fixed-form test’ at the time. Fixed form
testing, according to von Hippel, asks the same questions of all children in the same grade, both at
the beginning and end of each school year. He argues this was an unfair measure of summer
learning to see as the study calculated grade-level learning by comparing the fall and spring
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answers to the same questions, but calculated summer learning by comparing spring answers to the
following school years’ fall answers (completely different questions).
Von Hippel (2019) goes on to say that many of today’s tests are adaptive, asking harder
questions if a student responds correctly and easier questions if a student responds incorrectly. He
argues that these adaptive tests do a better job at measuring summer learning since they don’t
necessarily have to change with the start of a new grade. Two of these adaptive tests he talks about
were both given to students who started kindergarten in 2010: one being a test for the Early
Childhood Longitudinal Study and the other being the Measures of Academic Progress test. He
says that both tests showed learning slows as children grow older and that achievement gaps vary
only slightly after kindergarten. But, the tests draw different conclusions in regards to summer
learning. Von Hippel says that when sociologists Joseph Workman and Joseph Merry compared the
two, the Early Childhood Longitudinal Study concluded that during their first summer vacation,
children tend to lose only two weeks of reading and math skills and during their second summer
vacation, they again lose two weeks of reading but actually have some gains in math. Whereas
according to the Measures of Academic Progress tests, during their first summer vacation, students
lose approximately a month of reading and math skills and during their second summer vacation,
they lose a whopping three months of skills in both reading and math. So, while von Hippel is
arguing that adaptive testing is a more accurate predictor of summer learning, the adaptive tests
don’t always draw the same conclusion.

2.2 Effects of Unscheduled School Closures
Marcotte & Hemelt (2008) conducted a study analyzing the relationship between
instructional time in the classroom and performance on standardized state testing. They used data
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provided by the Maryland State Department of Education from 1994 to 2005 for students in grades
3, 5, and 8. The two looked at the percentage of students who received a minimum score of
satisfactory, resources, student characteristics, the number of scheduled school days per year, fixed
effects (age, sex, ethnicity), and dummy variables measuring year effects for two years prior to the
change in the test from one testing engine (Maryland State Performance Assessment Program
a.k.a. MSPAP) to another (Maryland State Assessments a.k.a. MSA) in 2003. In conclusion, it was
found that school years with few unscheduled closures were years in which students scored above
their school means, and years with frequent unscheduled closures were years of below mean
performance. More specifically, they found that for each day lost to an unscheduled closure, the
number of 3rd-grade students that pass the math exam falls by 0.527 percentage points. In school
years with 3-5 days of unscheduled closure, approximately 0.25% fewer students will pass the
math state assessment for each instructional day lost; that percentage rises to a loss of 0.33% per
day for years with 8-10 closings and to 0.50% per day with years of 12+ days of unscheduled
closings. However, it should be noted that unscheduled closures in the early weeks of the school
year do not have a significant impact on test scores, and closures in the fall, December, and
January had a sort of mixed effects. But, closures nearing the testing window had a significantly
negative impact on test performance. So, while it is evident that unscheduled closures do in fact
affect students’ state test performance, it is heavily reliant on when those closures take place.

2.3 Educational Inequalities
Inequalities Across Subject
In Marcotte & Hemelt’s (2008) study of the relationship between instructional time in the
classroom and performance on standardized state testing discussed above, some differences were
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found between math and reading performance and across socioeconomic status. In school years
with 11-12 unscheduled closures, it was estimated that 0.40% fewer students would meet the
minimum satisfactory performance level for each day lost, whereas in math it was an estimated
0.50%. While the percentage difference doesn’t sound like much, it will quickly grow with each
missed day. For example, if there were 10 closure days, approximately 4% fewer students would
meet the satisfactory index for reading and 5% fewer students would meet it for math, a change of
an entire percent. For a district with 1,000 students enrolled that is a difference of 10 students. So,
10 more students would fail to perform satisfactorily in math than in reading.
Quinn, Cooc, McIntyre, and Gomez (2016) analyzed school year and summer data from
over 18,000 students in the Early Childhood Longitudinal Study, Kindergarten Class of 2010-2011
(ECLS-K:2011). In their analysis, it was found that variance in math and reading shrunk over
kindergarten but grew over the following summer (more for math than reading). This indicates that
school helps shrink the learning gap for students.
Reardon, Robinson & Weathers (2015) analyzed the National Assessment of Educational
Progress (NAEP) to find how achievement gaps of nationally representative samples of students
have changed over time. The NAEP includes two separate math and reading skills assessments: the
Long-Term Trend (NAEP-LTT) is given every two to four years to children of ages 9, 13, and 17,
and the Main NAEP is given every two years to 4th, 8th, and 12th graders. When examining
socioeconomic achievement gaps, Reardon et al (2015) used parental educational levels (only a
high school diploma to at least a four-year college degree) as the socioeconomic status indicator.
They found that between 1978 to 2008, the high school-college degree gaps in math were rather
stable before widening in 2012 to gaps larger than they had been in over three decades. A similar
scenario holds for the reading gaps; they shrank in the 1980s before more recently widening to the

17

M.S. Proposal by
Sierra Grooms

largest they had been in the previous 30 years. When averaging the achievement gaps of families
with high school diplomas and those with a four-year college degree across all years of available
data, both the reading and math gaps widen with age. From ages 13 to 17, the reading gap widens
from 0.48 standard deviations to 0.55 standard deviations and the math gap widens from 0.59
standard deviations to 0.67 standard deviations. So, while the gap changes are relatively similar, it
appears that the gaps are generally larger for math than for reading.
Inequlaites Across SES
Evidence suggests that the relationship between a family's income and their child’s
academic achievement has grown significantly in the last half-century (Reardon, 2011). Children’s
skill levels are highly correlated with family background components such as parental education
and maternal ability (Carneiro and Heckman, 2003 as cited in Cunha and Heckman, 2007).
Marcotte & Hemelt (2008) also found that in schools with the least number of poor students
reading pass rates drop by 0.369% for each instructional day lost to an unscheduled closure and
that amount almost doubles to a drop of 0.614% for schools with the poorest students. These
results would indicate that lost instructional time has a larger negative impact on students of lower
SES. But, it should be noted that these results did not hold for the math assessment. In fact, it was
estimated that the impact of the instructional loss was similar for poor and wealthier schools. In
conclusion, days lost affect lower SES students more negatively in reading than in math.
During the summer following kindergarten, Quinn et al (2016) found that students of lower
socioeconomic status fell further behind their higher socioeconomic status peers in math and
reading. But in the following summer (summer after first grade), the reading variance shrinks,
canceling out the growth advantage low-income students had experienced, resulting in no relative
SES change. “Findings are consistent with a story in which schools initially accelerate relatively
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lower-achieving groups’ learning more so than higher-achieving groups; however, this school-year
equalizing is not consistently maintained, and sometimes reverses” (Quinn et all, 2016).
In Cooper’s (1996) study on the effects of summer vacation on standardized test
achievement scores, upon examining family economics as an influential factor, the meta-analysis
indicated that regardless of in-home resources, all students lost roughly equal amounts of math
skills during the summer break. However, “middle-class children showed gains in reading
achievement over summer, but disadvantaged children showed losses” (Cooper, 1996).
Bacher-Hicks, Goodman, and Mulhern’s (2021) research of national Google search data to
study the effects of COVID-19 found that the pandemic only widened the socioeconomic gap.
While there were sudden increases in both school and parent-centered resources following the start
of the pandemic, the search intensity rose twice as much in above-median socioeconomic status
areas as it did in below-median socioeconomic status areas. Furthermore, by mid-March, high SES
areas witnessed sharp increases in learning resources 30% higher than low SES areas. They found
that in areas of higher educational resource searches were also the areas with the most math
progress made. Additionally, for each additional $10,000 in mean household income, the search for
school-centered resources rose by 15 percent, suggesting that those of higher socioeconomic
(whether it be the parent or the student) were those that made the most progress, hence widening
the gap.

Inequalities in Early Childhood
Von Hippel, Workman, and Downey (2018) argue that the primary source of inequality in
education has nothing to do with school and actually is the product of early childhood. They argue
that prior research violates the assumption of vertical interval scaling, “which is needed to tell
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whether inequality is greater at one age than another” (von Hippel, Workman, and Downey, 2018).
Their research was conducted with the longitudinal seasonal research design using adaptive testing
(gives students questions based on their abilities, not grade level) and scaling (grading not only off
of right and wrong but by comparison to what peers have scored). From the study, the gaps that
were existent at the start of kindergarten changed little throughout the school years and summers,
indicating that school (whether in session or during summer break), has little effect on student
inequalities. More specifically, they found that most of the inequality that was observed at the end
of first and second grade was already present at the start of kindergarten. The total variance of test
scores grew during the majority of summers and shrunk while school was in session, suggesting
that schools tend to close the gap of inequalities on those of different SES. To back this claim is
Reardon (2011), found that on math and reading standardized tests, students in the bottom quantile
of SES score more than a standard deviation (roughly 3-6 years of schooling in this study) below
their peers in the top quantile.
Inequalities in Gender
Buchmann, Diprete, and McDaniel (2008) reviewed research on gender inequalities in
education and found some common trends. Those trends include research by Maccoby & Jaclin
(1974) and Willingham & Cole (1997) finding that in early grades, boys and girls perform
similarly in math and reading but as they progress through the school years males tend to have
excel more in math and females in reading. Moreover, research by Silverman (2003) and
Duckworth & Seligman (2006) stated that girls had more self-discipline than boys and Rosenbaum
(2001) found that girls had higher leadership qualities and interest in school, promoting academic
success. So it should be of no surprise that girls tend to maintain higher grades than boys
(Buchman et al, 2008).
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2.4 COVID-19 Learning Loss
Predictive Studies
Kuhelf & Tarasawa (2020), estimated that students would return to school in the fall of
2020 with approximately 70% learning gains in reading compared to a normal year and only 50%
in math.
Post-Studies
A study was conducted in the Netherlands that analyzed learning loss due to school
closures during the pandemic. The data set was inclusive for 4 school years (2017-2020), with
biannual test scores in the core subjects (math, reading, spelling). While this study was conducted
outside of the United State of America, it is still relevant in viewing the effects of the COVID-19
pandemic on education. It was found that students lost an average of 3.16 percentile points in the
national distribution, an equivalent of 7.9 weeks of learning. Additionally, losses were not
distributed equally, with those from less educated homes suffering losses 40% larger than the
average (Engzell, Frey, & Verhagen, 2021). More specifically, the study revealed a raw percentile
loss of -0.76 in spelling and -2.15 in math. The study concluded that while there was clear
evidence that students learned less during lockdown than in a typical year, “among less-educated
households, the size of the learning slide is up to 60% larger than in the general population”
(Engzell, Frey, & Verhagen, 2021). This only confirms the fear that school closures are widening
the socioeconomic gaps.
Grewenig, Lergetporer, Werner, Woessmann, and Zierow (2021) conducted a study in
Germany to find out what effects COVID-19 had on education. It should be noted that students in
Germany had similar school scenarios as American students with school closures in mid-March
followed by virtual learning platforms (Anger, Dietrich, Patzina, Sander, Lerche, Bernhard, &
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Toussain, 2020). The researcher in this study developed a voluntary questionnaire for parents
asking questions such as how their child spends their time (both before and during COVID, the
type of instruction their child received during COVID, and how the family coped with the
pandemic, etc. They found inequalities in gender, SES, and achievement levels. First, they found
that school closures had a sizeable negative impact on time spent learning, with the average
learning time being less than 50% as compared to pre-COVID. More specifically, high-achiever
learners spent 0.5 hours more per day learning than did their lower-achieving counterparts. Further
widening the gap between the low and high-achieving students was the parental time spent with
their children. Grewenig et al (2021) claim that before school closures, parents of low-achieving
students spent less learning time with their children compared to parents of high-achieving
students; this only worsened with the pandemic, with parents of low-achieving students spending
0.4 hours a day helping their child learn compared to the 0.6 hours a day for their high-achieving
peers. According to the researchers, school support was lower for students without a
university-educated parent. This, they argue, suggests that the closures may have widened the
economic inequality in educational achievement. Additionally, they found that learning time was
reduced more for boys than for girls. There was no significant difference in learning time
pre-pandemic, but with the school closures, girls spent an average of 3.9 hours a day learning and
boys spent only 3.4 hours (a half an hour difference). Thus it appears that low-achieving, low SES
boys were more likely to be negatively affected by COVID-19 school closures.
Another study conducted in Germany of 844 students, found that SES had no correlation
with students' time spent studying (Anger et al, 2020). However, performance level did.
Low-performing students invested less time in school-related activities compared to their
higher-achieving peers, indicating that grades are a reflection of the time spent studying. Of the
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low-performing students, a little more than 20% spent more than 4 hours studying whereas over
40% spent less than 2 hours. On the other hand, of the high-performing students, approximately
30% spent more than 4 hours studying and 30% spent less than 2 hours. Gender was also found to
have a high correlation with time spent studying, with females dedicating more time than males.
Approximately 30% of females spent less than 2 hours studying, whereas approximately 45% of
males did; approximately 35% of females spent more than 4 hours studying compared to only 20%
of males. Additionally, students receiving work more frequently from teachers spent more time
studying, with approximately 30% of students receiving material daily, approximately 45% of
students receiving material at least once a week, and approximately 55% of students receiving
material less than weekly all spending less than 2 hours studying. The questionnaire given to
students asked them to rate their worries (on a scale from 1 to 10, with 1 being not worried at all
and 10 being very worried) about their academic performance and career options. Forty-five
percent of students reported having high or very high (scale levels 7-10) concerns that school
closings had a negative impact on their performance. However, females had higher concerns than
males with 51% of females reporting being very concerned compared to only 37% of males.
2.5 Summary
So, while there are inconsistencies in the above studies, one thing was consistent
throughout, and that is that school closure DOES negatively impact achievement overall whether it
be long periods of closure (summer) or unplanned closings (snow days). It was found that learning
gaps in math tend to be larger than in reading. That students of lower socioeconomic status
backgrounds tend to fare worse academically than their peers, even from the start of school. That
there are no differences in academic performance with regards to gender, until the later years when
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boys excel in math and science; although girls had more self-discipline and leadership skills. And,
finally, that COVID-19 did have disadvantageous results on all students, worldwide.
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CHAPTER THREE: METHODOLOGY
Chapter 3 will go into detail about the participants of the study along with the
instrumentation and procedures used to collect the data. Chapter 3 will also address the research
questions followed by the research design. It will conclude with the research hypotheses and the
intended testing techniques that will be used in Chapter 4. It is also here, in the conclusion of
Chapter 3, that evidence supporting the intended testing techniques will be provided. This study is
experimental and hypothesis testing. The analysis of performance levels pre-COVID and
post-COVID tests a hypothesis and determines whether performance levels of the mathematics
standardized tests were adversely affected by the coronavirus. More specifically, it determines
whether or not socioeconomic status and/or gender were influential factors in the outcomes of the
performance levels, thus evaluating the causal relationship (experimental).
3.1 Setting & Participants
The data used in this study will be obtained from a rural high school in Southern Ohio.
According to the Ohio Department of Education’s website, the observed high school has
approximately 513 students enrolled, an attendance rate of 89%, and a graduation rate of 75.9%.
Out of a total of 120 possible points, the mathematics index of students overall is 60.3 compared to
the state goal of 90.2; the mathematics index of economically disadvantaged students is 54
compared to the state goal of 75.9. The median house-hold income was $39,079 in 2019 according
to the U.S. Cencus Bureau (www.census.gov).
Participants' pre-COVID and post-COVID mathematics state test scores will be looked at
and compared along with their gender and SES status. The pre-COVID testing data will come from
the 2018-2019 school year, whereas the post-COVID testing data will come from the 2020-2021
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school year. As previously stated, there are three separate groups of students being analyzed. The
first group of students were 7th graders for the pre-COVID testing year and were Algebra I
students for the post-COVID testing year (there is no testing data for their 8th-grade year due to
the abrupt end to the 2019-2020 school year along with the waived testing that year). The second
group of students was 8th graders for the pre-COVID testing year and Geometry students for the
post-COVID testing year (skipping their Algebra I testing during the 2019-2020 school year). The
final group of students were 7th graders pre-COVID and Geometry students post-COVID. These
students’ free and reduced lunch status will be used as an indicator of their SES status.
Conducting a priori power analysis for Logistic Regression (z-tests), with two tails and an
alpha of 0.05 and a power of 0.80, using G*Power, yields a desired sample size of 721.
3.2 Procedure
The data used for this study was organized and cleansed by the administration at the
studied high school before being released, giving students arbitrary labels, so as to not violate their
identity. The data was put into an excel spreadsheet and each students’ pre-COVID mathematics
state test score (raw score and performance level score), along with their post-COVID state test
score (raw score and performance level score), gender, and their free and reduced lunch status were
listed next to their arbitrary label. The data set will include approximately 1oo students, give or
take.
This study had been approved by the International Review Board (IRB). There are no
ethical concerns related to informed consent and confidentiality. The data will be cleansed of
identifying student information before release and there is no interaction with the participants, they
aren’t even aware that the study is taking place as it is using previously collected data. Thus there
is no risk of a confidentiality leak.
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3.3 Data Processing & Analysis

Research Question 1: Is there a significant mean mathematics difference between pre-COVID
(7th and 8th grade) state performance test scores and post-COVID (Algebra I and Geometry) state
test scores?
Ho: A mean mathematics difference does not exist between students’ pre-COVID and
post-COVID state performance test scores.
H1: A mean mathematics difference does exist between students’ pre-COVID and post-COVID
state performance test scores.
Research Question 2: Are pre-COVID state performance test scores, gradel-level subjects,
gender, and socioeconomic status significant predictors of post-COVID state performance test
scores?
Ho: Socioeconomic status and pre-COVID state performance test scores are significant predictors
of post-COVID state performance test scores for math, but grade-level subject and gender are not.
H1: Gender and grade-level subject are significant predictors of post-COVID state performance
test scores for math, but socioeconomic status and pre-COVID state performance test scores are
not.

This study will incorporate a mixed models design since we are taking students from one
school district and generalizing our results to a broader population (rural schools in the United
States). The popularity of this particular technique is growing in mathematics education research
studies; with approximately ⅓ of all research articles published in the Journal for Research in
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Mathematics Education (JRME) and American Educational Research Journal (AERJ), during a 5
year span representing a mixed methods approach, despite federal legislation calling for scientific
based research (Ross & Onwugebuzie, 2012). Mixed models is the combination of quantitative and
qualitative research in a single study, providing a more complete understanding than a single
approach alone would. By combining quantitative and qualitative testing techniques within the
same framework, mixed models can integrate the strengths of the two methodologies and
understand educational activities in their context (Johnson & Onwuegbuzie, 2004). Doing so,
allows each student to be their own ‘control’ comparing their new scores only to their previous,
rather than to the group as a whole. Using mixed model methodology eliminates many limitations
including: missing student data ( and transient students), different teachers, and regression to mean
(Sanders & Horn, 1994). Cresweel & Clark (2011), as cited in Guest & Fleming (2014) suggest six
likely benefits of using a mixed models approach:
● The strengths of one approach offset the weaknesses of the other.
● Used properly, a combination of methods can provide more comprehensive and
convincing evidence.
● Mixed methods research can answer certain research questions that a single method
approach cannot.
● A mixed method study can encourage interdisciplinary collaboration.
● Mixed methods encourage the use of multiple worldviews/paradigms.
● Mixed methods research is “practical” in that it permits the usage of multiple
techniques and approaches that best address the research question.
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“If the problem is viewed not as a fixed-effects problem (traditional multiple regression), but rather
as a mixed models problem with both fixed and random effects, then much-established theory and
methodology exist that offer solutions to many of the problems” (Sanders & Horn, 1994).
Jacobsen, Friesen, Daniels, & Varnhagen (2011) had success with using mixed models in
educational research, finding the relationship between technology on student engagement and
academic success. Similarly, Sanders & Horn (1994) used a mixed models methodology to
examine the Tennessee Value-Add system using students' achievement data in educational
assessment. Taylor and Tashakkori (1997) implemented mixed methods and used a sequential
design for both the quantitative and qualitative elements of the investigation. Here, teachers were
classified into one of four groups based on their quantitative responses to measures of efficacy
(low or high) and locus of causality for student success (internal or external). The four groups were
then compared with respect to successive qualitative data.
When running the analysis on students’ performance levels we will use logistic regression
and dummy variables with an index of 0 for fail (scores of 1 and 2) and 1 for a pass (scores of 3-5).
Regression coefficients, standard errors, degrees of freedom, tests statistics, and p-values will be
given to discuss the data.
3.4 Summary
This study will examine the impact of COVID-19 on Ohio’s State Test Math Scores of a
rural appalachian school using the pre-COVID state test score, gender, socioeconomic status
(lunch classification), and grade-level groupings as predictors. In the following chapter, we will
discuss the material and methods used, the analysis of the data conducted, and present graphs and
tables to visualize the results. All tests will be run using R.
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CHAPTER FOUR: The Results
In this chapter, the results of the study will be presented. The purpose of this study was to
determine, through a mixed models design, if the COVID-19 pandemic had an effect on students’
mathematics state test scores. All analysis was run using R. The research questions are as follows:
Research Question 1: Is there a significant mean mathematics difference between pre-COVID
(7th and 8th grade) state performance test scores and post-COVID state test scores?
Research Question 2: Are pre-COVID state performance test scores, gender, and socioeconomic
status significant predictors of post-COVID state performance test scores?

4.1 Subject Description
131 students were included in this study. The subjects attended a rural school in Southern
Ohio. Each student's pre and post-COVID mathematics state test scores (raw score and
performance index score) were recorded, along with their gender and lunch status (Free, Reduced,
or None) as an indicator of socioeconomic status. Students were in one of three groups: group A,
group B, and group C. Group A is composed of students that were in 7th grade during the
2018-2019 pre-COVID testing year and were in Algebra I for the 2020-2021 post-COVID testing
year. Group B is formed with students that were also in 7th grade during the 2018-2019
pre-COVID testing year but were advanced, so they were in Geometry for the 2020-2021
post-COVID testing year. Group C contains students that were in 8th grade during the 2018-2019
pre-COVID testing year and were in Geometry for the 2020-2021 post-COVID testing year.
Student gender and lunch status descriptives are as follows:
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Table 1: Students’ Gender and Lunch Descriptives

Male

Female

Total

Free

26

40

66

Reduced

8

5

12

None

25

27

52

Total

59

72

131

4.2 Question One
To test question 1 in determining if there was a significant mean difference between
pre-COVID (M = 699.68, SD = 35.55) and post-COVID (M = 681.75, SD = 28.5) mathematics
state tests scores, an independent samples t-test was run with an output of 𝑡(130) = 8. 57 and
𝑝 <. 05.

Figure 1: Overall Ohio Mathematic Assessment Scores during Pre and Post-COVID testing years.

Furthermore, we looked at the mean differences between pre-COVID and post-COVID
mathematics state test scores across the three groups. Two groups (B and C) had a decrease in
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means while one (group A) had a slight increase. As seen in figures 2 and 3, but more precisely:
group A went from 7th grade (M = 675.91, SD = 26.6) to Algebra I (M = 679.91, SD = 17.59),
group B went from 7th grade (M = 744.29, SD = 26.61) to Geometry (M = 708.89, SD = 27.82),
and group C went from 8th grade (M = 689.51, SD = 14,63) to Geometry (M = 665.32, SD =
22.38).

Figure 2: Ohio Mathematic Assessment Raw Scores across
Figure 3: Ohio Mathematic Assessment Raw Scores across

Student Groups during the Pre-COVID testing year.

Student Groups during the Post-COVID testing year.

While these differences in the pre-COVID and post-COVID raw mathematics state test scores
don’t appear to be major, each group did have statistical significance. GroupB, 𝑡 = -3.09, 𝑝 <. 01
(95% CI: -17.99, -4.23) and groupC, 𝑡 = -6.82, 𝑝 <. 001 (95% CI: -23.93, -15.54). When looking
at the differences in the performance index scores as shown below in figures 4 and 5, you see a
much more noticeable difference. The two lowest (not passing) index categories, Basic and
Limited, got larger while the passing categories of Proficient, Accelerated, and Advanced shrunk.
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Figure 4: Ohio Mathematic Assessment Performance Index
Figure 4: Ohio Mathematic Assessment Performance Index

Score during the post-COVID testing year.

Score during the pre-COVID testing year.

4.3 Question Two
To test question two and determine if pre-COVID state performance test scores, gender,
and socioeconomic status were significant predictors of post-COVID state performance test scores
we used a mixed modeling technique. A random effects linear mixed model with post-COVID raw
score (post) as the dependent variable and pre-COVID raw score (pre), lunch status (lunch), and
gender as our independent variables. Our random effect was the group in which students were from
(group). We had no missing data values; n=131.
The relationship between lunch status, gender, and pre-COVID state test scores with
post-COVID test scores showed significant variance in intercepts across grade-level groups, SD=
2

8.38 (95% CI: 3.48, 20.21), 𝑥 (1) = 25. 71, 𝑝 <. 0001. Indicating that intercepts vary
significantly across lunch status and thus a need for mixed models; the difference in pre-COVID
and post-COVID test scores across lunch status can be seen in Figures 6 and 7. Slopes also varied
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across groups, SD = 0.14 (95% CI: 0.05, 0.39), 𝑥 (2) = 7. 02, 𝑝 <. 05. The slopes and
intercepts were significant and negatively related, cor = -1 (95% CI: -1, -0.97).

Figure 7: Post-COVID Ohio Math Assessment Scores across

Figure 6: Pre-COVID Ohio Math Assessment Scores across Lunch

Lunch Status

Status

Regression coefficients, standard errors, degrees of freedom, test statistics, and p-values are
presented in Table 2. The two significant predictors of post-COVID mathematics state test scores
were pre-COVID mathematics state test scores, 𝑡(124) = 6. 36, 𝑝 <. 001, 95% CI
= (0. 44, 0. 83), and Free lunch status, 𝑡(124) = -2. 42, 𝑝 <. 05, 95% CI
= (− 14. 32, − 1. 56).
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Table 2: Regression Estimate Parameters

Estimate

SE

DF

t-value

p-value

Intercept

235.21

74.48

124

3.16

<.01

Pre

0.64

0.1

124

6.36

<.001

Free Lunch

-7.94

3.29

124

-2.42

<.05

Reduced Lunch

1.52

4.98

124

0.31

0.76

Gender

3.43

2.83

124

1.21

0.23

The most significant model (found by using a mixed models approach) predicted
post-COVID math state test raw score (post) {dependent variable} using pre-COVID math state
test raw score (pre) and lunch status (lunch) as our fixed effects, along with pre-COVID math state
test raw score as a random effect with each assigned grade-level group (group) . This model had a
2

2

conditional 𝑅 = 0. 7385 and a marginal 𝑅 = 0. 6515. The AIC and BIC were 1,113.8 and
1,136.8 respectively.

4.4 Summary
The overall scores of the post-COVID math state test dropped an average of 17.93 points
when in comparison with the pre-COVID state test scores. Surprisingly, one of the groups (group
A) did have a slight increase of about 4 points in their post-COVID group state test score The only
significant predictors of the post-COVID mathematics state test scores were the pre-COVID
mathematics state test score and lunch status, although when in comparison with the no financial
assistance group only free lunch students showed significance (reduced lunch students did not).
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CHAPTER FIVE: The Summary
5.1 Introduction
The COVID-19 pandemic has affected (and still is) people worldwide regardless of gender,
race, socioeconomic status, I.Q. score, etc. But, what we are trying to determine is if the pandemic
had an effect on student academic achievement? If so, was it negative? Was student gender a
significant factor? Was socioeconomic status? This chapter presents the summary and conclusions
to these questions.
The study was conducted at a rural high school in Southern Ohio. Students ranged from
grade 7 to 8 for the pre-COVID testing year and Algebra I to Geometry for the post-COVID
testing year. Student scores on their respective state tests along with their gender and lunch status
(Free, Reduced, None) were documented. Mixed modeling was used, allowing us to look at both
the qualitative and quantitative components of the study to determine the best model for the
statistically significant predictors of the post-COVID state test scores.

5.2 Summary of Findings
When comparing different models, the most significant model used the pre-COVID math
state test score and lunch status (our socioeconomic status predictor) as our fixed effects
(independent variables) and post-COVID math state test score as our dependent variable when
allowing the pre-COVID test scores (random slope) to vary across groups. Approximately 74% of
the variance was explained by this model.
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Question One
Recall, the first question we tested was ‘Is there a significant mean mathematics difference
between pre-COVID (7th and 8th grade) state performance test scores and post-COVID state test
scores?’. Our results, t-value of 8.57 on 130 degrees of freedom with a p-value less that .05, indate
that we should reject the null hypothesis of the mean difference between the two groups being
zero. Thus, there is a significant mean difference between the pre-COVID state mathematics
performance test scores in comparison with the post-COVID state mathematics performance test
score. Specifically, the mean difference is -17.93 going from the pre-COVID mathematics state test
score to the post.
Circling back to our literature review, Engzell, Frey, & Verhagen (2021), Grewenig,
Lergetporer, Werner, Woessmann, and Zierow (2021), and Anger et al (2020) all found that
regardless of the factors that play a role in educational achievement, COVID-19 did in fact have a
negative impact on student performance, just as we’ve found here.

Question Two:
The second question we tested was ‘Are pre-COVID state performance test scores, gender,
and socioeconomic status significant predictors of post-COVID state performance test scores?’
Our conclusion for each is as follows:
Pre-COVID State Test Performance Scores:
With a p-value less than .001, smaller than our significance level of .05, we
can reject the null hypothesis and conclude, with 124 degrees of freedom, that the
pre-COVID mathematics state test score is a significant predictor of the
post-COVID mathematics state test score.
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Socio-Economic Status:
Using students with no free or reduced lunch status (None) as the reference
group, the category of free lunch had a p-value less than .05, indicating that being a
student of low socioeconomic status does in fact have a significant effect on the
post-COVID mathematics state test score. In fact, those students who fell in that
category scored an average of 7.94 points lower than did their peers in the ‘None’
category, or higher socioeconomic status.
On the other hand, the category of reduced lunch had a p-value of 0.31,
which is greater than our significance level of .05, thus we accept the null
hypothesis and conclude that being a student of middle socioeconomic status had no
significant effect on their post-COVID mathematics state test score. But, oddly
enough, these students scored an average of 1.52 points higher than did their peers
of high socioeconomic status (None).
Our results match those of Cooper (1996), in that middle-class students
show gains after time out of school whereas their lower-class peers show losses.
They also match those of Engzell, Frey, & Verhagen (2021) who found that students
coming from less-educated (low socioeconomic predictor) homes suffered larger
learning losses from COVID-19 than did their peers. But, on the other hand, our
same results contradict those of Marcotte & Hemelt (2008) whom found that
although lost instructional time has a larger negative impact on students of lower
socioeconomic status, when it comes to math, students lost equal amounts.
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Gender:
Lastly, with a p-value of 0.23, we accept the null hypothesis for gender and
conclude that being a male or female had no significant effect on the post-COVID
mathematics state test score for students.

In summary, the time spent out of school or replacing in-person learning with virtual
learning due to the COVID-19 pandemic had a negative impact on students’ mathematics state test
achievement scores. While being male or female didn’t play a significant role in the outcome of
those scores, socioeconomic status did. Those coming from a low socioeconomic status home
presented a lower drop in scores, than did their peers of middle and upper class. But, the most
significant predictor of the post-COVID mathematics state test score was the pre-COVID
mathematics state test score.

5.3 Limitations
This study has some limitations to be addressed. First, the population of this study was
relatively small and very specific to one rural school in southern Ohio. So, while these results can
be generalized to rural schools with a similar population, it cannot be generalized to all schools in
the United States or even the state of Ohio. Additionally, we only looked at three groups of
students that started in 7th or 8th grade during the pre-COVID testing year and ended in either
Algebra I or Geometry during the post-COVID testing year. Thus, we cannot generalize our results
to all grades.
Another limitation is the way COVID-19 was handled within this school district. Districts
across the country were given the choice in how they wanted to handle learning during COVID.
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Some went virtual, some stayed in person, while some did a mix of both. The district in this study,
chose the virtual learning route for the end of the 2019-2020 school year (mid-March to the end of
May) but chose the fully in-person route upon return in the fall of 2020. This was not something a
lot of districts chose due to the fear of exposure. So, districts that made different choices may have
had different outcomes.

5.4 Recommendations
The researcher has identified some recommendations for future research to reduce the
limitations and expand the generalizability of the study. First, future researchers should consider a
larger population sample size including more grade-levels, more school districts, and/or more
subject areas. Each of these offer benefits to the generalizability of the study and reduction of
limitations. Including more grade-levels allows us to see if there were discrepancies in age groups.
Including mroe districts allows us to see if there were differences in regions and populations
sampled. Allowing more school subjects allows us to see how COVID-19 may have impacted
suject areas differently.
Additionally, the researcher believes that it would be beneficial to get a more exact
socioeconomic status for students. While student lunch status is based on parent/guardian income
guidelines, those are sometimes outdated and can just carry into the following school year even if
the financial status in the home has changed. One suggestion to receive such information is a
parent survey. A student survey would also suffice, but a parent survey would be more accurate
seeing as many students are unaware of the family finances.
Another suggestion is to divide each grade-level group into subsets of their respective
teachers. For example, a school may have 2 or 3 different grade-level teachers for each subject.
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Doing so would help reduce issues of validity in the type of education students received. Each
teacher teaches differently, thus if one group does better or worse than another we could determine
if the teacher was a significant contributor to that success or failure, really allowing us to
determine the significant predictors of student performance scores for pre-COVID and
post-COVID.
A research study to build off of this one would be comparing school results (just this one or
more than) to the state results. So, state-wide, were pre-COVID test scores, gender, and
socioeconomic status significant predictors of the post-COVID test scores? Did they increase or
decrease? Then compare the means and change in means from the school(s) to the state-wide
results. This would allow each school to see how they compare to the state, and if one included
many districts throughout the state, a pattern may potentially be found.
5.5 Summary
In conclusion, in this district, COVID-19 did have an impact on students' mathematics state
test scores; a negative one at that. While gender wasn’t a significant predictor in the post-COVID
test results, socioeconomic status was along with the pre-COVID test score. Being on ‘free’ lunch
status correlated with an average drop of 7.94 points on the state test when compared to their peers
that didn’t receive any lunch assistance. Further studies should be conducted to determine if this is
true for all subjects and not just mathematics and to determine if this holds true across the state of
Ohio or further, the entire United States. Regardless, action needs to be taken, promptly, to reduce
any further drop in academic performance.
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